Block-based robust control of stepping using intraspinal microstimulation.
The problem of motor control using intraspinal microstimulation (ISMS) can be approached at two levels of the motor system: individual muscles (motor pools) and motor primitives. The major challenges of direct ISMS at the level of individual muscle are the number of electrodes that are required to be implanted in order to recruit all muscles involving the motion and muscle selectivity. One solution to cope with these problems is the control of movement generated by appropriate combination of the movement primitives. In this paper, we proposed a robust control framework using primitives for fully automatic block-based control of the motion through ISMS. The control framework is based on an adaptive fuzzy terminal sliding mode control. The biggest advantage of the controller is the fast convergence compared to the conventional sliding mode control. The experiments were conducted on spinally-intact anesthetized cats. Based on electromyography activity of the hindlimbs muscles, different movement blocks were defined. The results of block-based air-stepping control show that the proposed control framework could generate the gait cycle with good tracking performance. The averages of tracking error, over five cats, were 9.3%, 11.2%, and 16.1%, for the ankle, knee, and hip joints, respectively. The results of walking control on the moving treadmill demonstrated that the gait cycle can be generated only with two movement blocks for each leg. The results of the current study demonstrated that the normal gait pattern can be achieved by tracking control of the movement blocks using ISMS, while the controller requires no offline learning phase and no pre-adjustment of the stimulation level. The controller is able to automatically regulate the interactions between movement blocks without any preprogrammed block activities.